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(54) Driving method for solid-state imaging device provided with blooming prevention structure 



(57) The invention provides a driving method suita- 
ble for a solid-state imaging device provided with a 
blooming prevention structure by which the dynamic 
range of the solid-state imaging device can be varied 
suitably. Each pixel section of a solid-state imaging 
device includes a reset gate for controlling a resetting 
operation for discharging accumulated charge from a 
charge accumulation portion of the pixel section. By 
performing reset gate voltage driving so that the voltage 
to be applied to the reset gate may vary midway in a 
charge accumulation period of the pixel section, the 
overflow level can be raised midway in the charge accu- 
mulation period of the pixel section to expand the 
dynamic range. Or, the voltage to be applied to a trans- 
fer gate for controlling a transferring operation of for- 
warding accumulated charge from a charge 
accumulation portion into a floating diffusion portion or 
the voltage to be applied to a bias gate for controlling 
the potential of a floating gate is varied. 
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Description 
BACKGROUND OF THE INVENTION 

This invention relates to a driving method for a s 
solid-state imaging device provided with a blooming 
prevention structure. 

In solid-state imaging devices which are used 
widely such as CCD type solid-state imaging devices 
and MOS type solid-state imaging devices, each pixel w 
photoelectrical^ converts incident light into charge and 
accumulates the charge, and then the accumulated 
charge is read out as signal charge. 

A solid-state imaging device of the type mentioned 
is normally provided with a blooming prevention struc- 15 
ture. Blooming is a phenomenon wherein, when strong 
light is irradiated upon a certain pixel and a large 
amount of charge is generated in the pixel, the charge 
overflows from the pixel and enters pixels around the 
pixel thereby to cause an image at a high light location 20 
to look in an expanded condition. 

The blooming prevention structure is a structure 
which causes charge generated by photoelectric con- 
version by each pixel section to overflow so that the 
accumulated charge of the pixel section may remain at 25 
an overflow level which is a given maximum accumula- 
tion charge amount to prevent occurrence of blooming. 

However, if the maximum accumulated charge 
amount is determined in this manner, then the dynamic 
range is limited by it. Consequently, if a large amount of 30 
light which causes charge which exceeds the overflow 
level to be generated is inputted to some pixel sections, 
then all of the levels of output signals of the pixel sec- 
tions exhibit an equal value, resulting in loss of light 
amount information. 35 

In order to moderate this problem, a method has 
been proposed wherein the overflow level is varied from 
a low level to a high level midway in a charge accumula- 
tion period of each pixel so that the light amount to out- 
put signal characteristic may have a KNEE 40 
characteristic. 

A MOS type solid state imaging device to which the 
method just described is applied is disclosed in Japa- 
nese Patent Publication Application No. 4-32589, 
wherein a MOS type solid state imaging device provided 45 
with a longitudinal overflow drain structure is con- 
structed such that the overflow level is raised by varying 
the potential of a p-well with respect to an n-type sub- 
strate. 

However, with the method just described, since the so 
overflow level rises simultaneously at all pixels of a 
same solid-state imaging device, the start and end tim- 
ings of charge accumulation must be adjusted among 
all of the pixels, and use of a lens shutter is essentially 
required. 55 

The fact that the start and end timings of charge 
accumulation must be adjusted among all pixels signi- 
fies that the sensitivity drops because it is not possible 



to perform, while reading out of signals from a certain 
line is proceeding, charge accumulation in another line. 
Further, the fact that a lens shutter is essentially 
required narrows applications of the solid-state imaging 
device. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
driving method for a solid-state imaging device provided 
with a blooming prevention structure wherein an over- 
flow level of each pixel section can be varied suitably 
only by controlling an application voltage to a gate of the 
pixel section which is provided initially for reading out of 
signal charge such as a reset gate, a transfer gate or a 
bias gate. 

It is another object of the present invention to pro- 
vide a driving method for a solid-state imaging device 
provided with a blooming prevention structure which 
does not require adjustment of start and end timings of 
charge accumulation among all pixels and does not 
require use of a lens shutter. 

In order to solve the objects described above, 
according to an aspect of the present invention, there is 
provided a driving method for a solid-state imaging 
device provided with a blooming prevention structure for 
causing charge generated by photoelectric conversion 
of each pixel section to overflow, comprising the single 
step of performing reset gate voltage driving so that a 
voltage to be applied to a reset gate of the pixel section 
for controlling a resetting operation for discharging 
accumulated charge from a charge accumulation por- 
tion of the pixel section is varied midway in a charge 
accumulation period of the pixel section to vary an over- 
flow level of the pixel section in the charge accumulation 
period of the pixel section to vary a dynamic range of 
the solid-state imaging device midway. 

According to another aspect of the present inven- 
tion, there is provided a driving method for a solid-state 
imaging device provided with a blooming prevention 
structure for causing charge generated by photoelectric 
conversion of each pixel section to overflow, comprising 
the single step of performing transfer gate voltage driv- 
ing so that a voltage to be applied to a transfer gate of 
the pixel section for controlling a transfer operation for 
transferring accumulated charge from a charge accu- 
mulation portion to a floating diffusion portion of the 
pixel section is varied midway in a charge accumulation 
period of the pixel section to vary an overflow level mid- 
way in the charge accumulation period of the pixel sec- 
tion to vary a dynamic range of the solid-state imaging 
device midway. 

According to a further aspect of the present inven- 
tion, there is provided a driving method for a solid-state 
imaging device provided with a blooming prevention 
structure for causing charge generated by photoelectric 
conversion of each pixel section to overflow, comprising 
the single step of performing bias gate voltage driving 



2 



3 W EP 0 863 663 A2 



so that a voltage to be applied to a bias gate of the pixel 
section is varied midway in a charge accumulation 
period of the pixel section to vary an overflow level of the 
pixel section midway in the charge accumulation period 
of the pixel section to vary a dynamic range of the solid- 5 
state imaging device. 

According to the present invention, the overflow 
level of each pixel section can be varied suitably only by 
controlling the application voltage to a gate of the pixel 
section which is provided initially for reading out of sig- w 
nal charge such as a reset gate, a transfer gate or a bias 
gate. In particular, with the driving methods of the inven- 
tion described above, gate voltage driving is performed 
such that the voltage to be applied to a gate such as a 
reset gate, a transfer gate or a bias gate of each pixel is 
section is varied midway in a charge accumulation 
period of the pixel section to vary the overflow level mid- 
way in the charge accumulation period of the pixel sec- 
tion to vary the dynamic range of the solid-state imaging 
device. 20 

Consequently, the overflow level can be varied suit- 
ably only by controlling the application voltage to a gate 
which is provided initially for reading out of signal 
charge such as a reset gate, a transfer gate or a bias 
gate. 25 

Further, since the start and end timings of charge 
accumulation need not be adjusted among all of the pix- 
els, a drop of the sensitivity of the solid-state imaging 
device does not occur. Furthermore, since a lens shut- 
ter need not be used, the solid-state imaging device is 30 
free from restrictions to applications which may other- 
wise be caused by such lens shutter. Besides, the 
present invention can be applied not only to still pictures 
but also to moving pictures. 

The above and other objects, features and advan- 35 
tages of the present invention will become apparent 
from the following description and the appended claims, 
taken in conjunction with the accompanying drawings in 
which like parts or elements are denoted by like refer- 
ence characters. 40 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram of a solid-state imaging 
device to which a method according to a first 45 
embodiment of the present invention is applied; 
FIG. 2 is a circuit diagram of a pixel section of the 
solid-state imaging device of FIG. 1 ; 
FIG. 3 is a timing chart illustrating driving timings of 
a reset line and a vertical selection line of the pixel so 
section of FIG. 2; 

FIG. 4 is a graph illustrating a characteristic of a 
time to accumulated charge amount of the pixel 
section of FIG. 2; 

FIG. 5 is a timing chart illustrating driving timings of 55 
reset lines, vertical selection lines and horizontal 
selection lines shown in FIG. 1 ; 
FIG. 6 is a circuit diagram of a pixel section of a 



solid-state imaging device to which a method 
according to a second embodiment of the present 
invention is applied; and 

FIG. 7 is a circuit diagram of a pixel section of a 
solid-state imaging device to which a method 
according to a third embodiment of the present 
invention is applied. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Referring first to FIG. 1 , there is shown a solid-state 
imaging device to which a method according to a first 
embodiment of the present invention is applied. The 
solid-state imaging device shown is generally denoted 
at 10 and is formed as a MOS type imaging device pro- 
vided with a horizontal blooming prevention structure 
having a reset gate. 

The solid-state imaging device 10 includes a large 
number of pixel sections 1 2 formed in an array on a sub- 
strate, and peripheral circuits connected to the pixel 
sections 12. 

The peripheral circuits include power supply lines 
14 connected to all of the pixel sections 12, reset lines 
16 and vertical selection lines 18 each connected to 
those of the pixel sections 12 which are included in one 
line, a vertical scanning register (V scanner) 20 for driv- 
ing the reset lines 16 and the vertical selection lines 18 
at predetermined timings, signal lines 22 individually^ 
connected to those of the pixel sections 12 which are 
positioned at same horizontal positions of all of the 
lines, output transistors 24 connected to the individual 
signal lines 22, horizontal selection lines 26 connected 
to the gates of the individual output transistors 24, and 
a horizontal scanning register (H scanner) 28 for driving 
the horizontal selection lines 26 at predetermined tim- 
ings. 

Referring to FIG. 2, there is shown a circuit con- 
struction of each of the pixel sections 12 of the solid- 
state imaging device 10 described above. The pixel sec- 
tion 12 shown has a pixel structure of an AMI (Amplified 
MOS Intelligent Imager) type and includes three n- 
channel MOS transistors 30, 32 and 34 formed in a p- 
region. Of the three n-channel MOS transistors 30, 32 
and 34, the first transistor 30 has a source 36 formed as 
a junction type photodiode (charge accumulation por- 
tion). 

More particularly, the first transistor 30 is composed 
of a source 36 in the form of a photodiode, a drain 38 
connected to a power supply voltage VDD, and a gate 
40 connected to a reset line 1 6. 

The second transistor 32 is a driving transistor 
while and the third transistor 34 is a selecting transistor, 
and the transistors 32 and 34 are connected in series at 
the source-drains thereof between a power supply line 
14 and a signal line 22. The gate of the second transis- 
tor 32 is connected to the source 36 of the first transistor 
30, and the gate of the third transistor 34 is connected 
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to a vertical selection line 18. 

The source 36 of the first transistor 30 in the form of 
a photodiode photoelectrical^ converts incident light 
into charge and accumulates the charge. The gate 40 of 
the first transistor 30 functions as a reset gate and the s 
drain 38 functions as a reset drain, and if a predeter- 
mined reset voltage is applied to the gate 40, then 
charge accumulated in the source 36 is discharged to 
the drain 38, whereupon the pixel section 12 is reset. 

A maximum accumulation charge amount which w 
can be accumulated in the source 36 depends upon a 
voltage applied to the gate 40 during a charge accumu- 
lation period. Since charge which exceeds the maxi- 
mum accumulation charge amount overflows from the 
source 36 and is discharged to the drain 38, the maxi- 15 
mum accumulation charge amount is called overflow 
level. 

By setting the overflow level to a level with which 
there is no possibility that charge may leak out from the 
source 36 and enter pixel sections around the pixel sec- 20 
tion, occurrence of blooming is prevented. 

The solid-state imaging device 10 expands its 
dynamic range by raising the overflow level from a low 
level to a high level midway in a charge accumulation 
period of each pixel section 12, and this is described 25 
with reference to FIGS. 3 and 4. 

FIG. 3 illustrating driving timings of the voltage VRn 
of a reset line 16 and the voltage Vn of a vertical selec- 
tion line 18, and FIG. 4 illustrates a characteristic of a 
time to accumulated charge amount of each pixel sec- 30 
tion. 

The voltage Vn of the vertical selection line 18 is 
driven with two values, and while this voltage Vn is at 
the high level, signal charge of those pixel sections 12 in 
the nth line is successively read out. Meanwhile, the 35 
voltage VRn of the reset line 16 is driven with three val- 
ues, that is, three levels of Vh, Vm and VI in order from 
the higher side of the voltage level. The two signals peri- 
odically vary for each one operation cycle (1 V) of the 
solid-state imaging device 10. 40 

At time a of FIG. 3, the voltage VRn changes from 
Vh to Vm, and accumulation of charge generated by 
photoelectric conversion of the source (photodiode) 36 
of the first transistor 30 begins. In this instance, the 
maximum accumulation charge amount (overflow level) 45 
which can be accumulated in a pixel is Qmaxl (FIG. 4) 
which corresponds to the voltage level Vm. 

During a period T1 from time a to time b, charge 
generated by photoelectric conversion is gradually 
accumulated in the source 36. In any pixel section with so 
which the charge amount generated by photoelectric 
conversion exceeds Qmaxl within the period, excessive 
charge is abandoned through the reset gate 40 to the 
reset drain 38 (accordingly to the power supply voltage 
VDD) and the accumulated charge amount is saturated 55 
at Qmaxl. 

At time b, the voltage VRn changes from Vm to VI, 
whereupon the overflow level increases from Qmaxl to 



Qmax2 (FIG. 4), and in any pixel section which has 
been saturated at Qmaxl , accumulation of charge gen- 
erated by photoelectric conversion is resumed. 

During another period T2 from time b to time c, 
charge generated by photoelectric conversion is gradu- 
ally accumulated in the source 36. In any pixel section 
with which the charge amount generated by photoelec- 
tric conversion exceeds Qmax2 within this period, 
excessive charge is abandoned through the reset gate 
40 to the reset drain 38 (accordingly to the power supply 
voltage VDD), and the accumulated charge amount is 
saturated at Qmax2. 

At time c, a pulse of the voltage Vn rises and the 
third (selecting) transistor 34 is turned on, and output 
signals corresponding to the accumulated charge 
amounts are outputted through the signal line 22. 

Expansion of the dynamic range obtained by the 
operation described above is described with reference 
to the graph of FIG. 4. 

Where the overflow level is set to Qmax2 from the 
first without raising it midway in a charge accumulation 
period, if a large amount of light is inputted to a pixel 
section and the accumulated charge amount gradually 
increases as indicated by a straight line L1 or L2 in FIG. 
4, then it varies as it is along a broken line and is satu- 
rated at time t1 or t2. Accordingly, the light amounts cor- 
responding to L1 and L2 cannot be distinguished with 
the output levels of the solid-state imaging device 10. 

In contrast, where the overflow level is raised from 
the low level Qmaxl to the high level Qmax2 midway in 
a charge accumulation period, then the straight lines L1 
and L2 become polygonal lines which exhibit angles at 
the level Qmaxl as seen in FIG. 4 and at time b3 as 
seen in FIG. 3, and the accumulated charge amounts at 
an outputting point of time become Q1 and Q2 and their 
light amounts can be distinguished with the output lev- 
els. In other words, the dynamic range of the solid-state 
imaging device 10 is expanded. 

Subsequently, how the method of the present 
invention described above is superior to the method dis- 
closed in Japanese Patent Publication Application No. 
Heisei 4-32589 mentioned hereinabove is described 
with reference to the timing chart of FIG. 5. 

Illustrated in FIG. 5 are the voltage VRn of the nth 
reset line 16, the voltage VRn+1 of the n+1th reset line 
16, the voltage Vn of the nth vertical selection line 18, 
the voltage Vn+1 of the n+1th vertical selection line 18, 
the voltage Hi of a horizontal selection line 26 corre- 
sponding to the ith pixel of each line, and the voltage 
Hi+1 of a horizontal selection line 26 corresponding to 
the i+1th pixel of each line. 

If the voltage Hi changes to the high level while the 
voltage Vn remains at the high level (1H), then reading 
out from the ith pixel of the nth line is performed. As can 
be seen apparently from FIG. 5, when reading out from 
a particular line is proceeding, the other lines are accu- 
mulating charge. Such parallel operations are impossi- 
ble with the method of Japanese Patent Publication 
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Application No. Heisei 4-32589. and since the charge 
accumulation period in an operation cycle of a given 
length can be made longer by the parallel operations, 
the sensitivity of the solid-state imaging device can be 
made higher. 5 

Further, needless to say, also that no lens shutter is 
required is one of advantages of the method of the 
present invention when compared with the method of 
Japanese Patent Publication Application No. Heisei 4- 
32589. 10 

With the embodiment described above, each of the 
pixel sections 12 includes a reset gate 40 for controlling 
a resetting operation of discharging accumulated 
charge from the charge accumulation portion of the 
pixel section, and by performing reset gate voltage driv- is 
ing so that the voltage VR to be applied to the reset gate 
40 of each of the pixel sections 12 may vary from Vm to 
VI midway in a charge accumulation period of the pixel 
section 12, the overflow level is raised from the low level 
Gmaxl to the high level Qmax2. 20 

In particular, the voltage to be applied to the reset 
gate 40 of each pixel section 12 is driven among three 
values of the first voltage Vh for causing the pixel sec- 
tion to perform a resetting operation, the second voltage 
Vm for setting the overflow level of the pixel section to a 25 
level lower than a level for prevention of blooming and 
the third voltage VI for setting the overflow level of the 
pixel section to the level for prevention of blooming such 
that, upon starting of a charge accumulation period of 
the pixel section 12, the first voltage Vh is applied, and 30 
immediately after that, the second Vm voltage is 
applied, whereafter, midway in the charge accumulation 
period, the third voltage VI is applied. 

Consequently, by setting the ratio between the 
period T1 within which the level of the second voltage 35 
Vm and/or the overflow level are kept at the low level 
Qmaxl and the period T2 within which the level of the 
second voltage Vm and/or the overflow level are kept at 
the high level Qmax2 in accordance with an object of 
imaging, a dynamic range suitable for the imaging 40 
object can be secured. 

Now, a second embodiment of the present inven- 
tion is described with reference to FIG. 6. 

FIG. 6 is a circuit diagram of a pixel section 52 of a 
solid-state imaging device to which a method according 45 
to a second embodiment of the present invention is 
applied. 

The pixel section 52 has a reading out structure of 
the floating diffusion type and includes a single junction 
type photodiode 54 and three n-channel MOS transis- 50 
tors 56, 58 and 60 formed in a p-region of a substrate. A 
source 62 of the first transistor 56 from among the three 
n-channel MOS transistors 56, 58 and 60 is formed as a 
floating diffusion portion into which accumulated charge 
of the photodiode (charge accumulation portion) 54 is 55 
transferred through a channel below a transfer gate 64. 

More particularly, the first transistor 56 is composed 
of a source 62 in the form of a floating diffusion portion, 



a drain 66 connected to a power supply voltage VDD 
and a gate or reset gate 68 connected to a reset line 
116. 

The second transistor 58 is a driving transistor and 
the third transistor 60 is a selecting transistor, and the 
two transistors 58 and 60 are connected in series at the 
source-drains thereof between a power supply line 114 
and a signal line 122. The gate of the second transistor 
58 is connected to the source 62 of the first transistor 
56, and the gate of the third transistor 60 is connected 
to a vertical selection line 118. The transfer gate 64 is 
connected to a transfer control line 70. 

Within a charge accumulation period, the photodi- 
ode 54 photoelectrically converts incident light into 
charge and accumulates the charge. A maximum accu- 
mulation charge amount which can be accumulated in 
the photodiode 54 depends upon a voltage applied to 
the transfer gate 64 during the charge accumulation 
period. If charge which exceeds the maximum accumu- 
lation charge amount is generated, then excessive 
charge overflows from the photodiode 54 and flows out 
to the floating diffusion portion, that is, the source 62 of 
the first transistor 56. Further, since, during a charge 
accumulation period, the barrier level of the reset gate 
68 is controlled so that it may not become higher than 
the barrier level of the transfer gate 64, if the amount of 
the charge which flows out from the photodiode 54 to 
the floating diffusion portion 62 is large, then the charge 
is further discharged from there to the drain 66 through 
the channel below the reset gate 68. 

Upon reading out of signal charge, the reset gate 
68 is turned on immediately prior to the reading out, and 
consequently, the charge of the floating diffusion portion 
62 is all discharged to the drain. Then, when the reset 
gate 68 is turned off and the transfer gate 62 is turned 
on, the accumulated charge flows out, that is, is for- 
warded, from the photodiode 54 to the floating diffusion 
portion 62. Then, a resulting potential variation of the 
floating diffusion portion 62 is read out as a signal 
through the second transistor 58. 

In the construction described above, the overflow 
level of the pixel section 52 depends upon the voltage 
applied to the transfer gate 64 during a charge accumu- 
lation period. Therefore, in the method according to the 
second embodiment of the present invention, by per- 
forming transfer gate voltage driving so that the voltage 
to be applied to the transfer gate 64 is varied midway in 
a charge accumulation period of the pixel section 52, 
the overflow level is raised from a low level to a high 
level midway in the charge accumulation period. 

More particularly, transfer gate voltage driving is 
performed such that the voltage to be applied to the 
transfer gate 62 of each pixel section 52 is driven 
among three values of a first voltage for causing the 
pixel section to perform a transfer operation, a second 
voltage for setting the overflow level of the pixel section 
to a level lower than a level for prevention of blooming 
and a third voltage for setting the overflow level of the 
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pixel section to the level for prevention of blooming such 
that, upon starting of a charge accumulation period of 
the pixel section, the first voltage is applied, and imme- 
diately after that, the second voltage is applied, where- 
after, midway in the charge accumulation period, the 5 
third voltage is applied. 

Also by the present transfer gate driving, similar 
advantages as those by the first embodiment described 
above can be obtained. 

Subsequently, a third embodiment of the present jo 
invention is described with reference to FIG. 7. 

FIG. 7 is a circuit diagram of a pixel section 72 of a . 
solid-state imaging device to which a method according 
to a third embodiment of the present invention is 
applied. is 

The pixel section 72 has a reading out structure of 
the floating gate type and includes an n-channel MOS 
transistor 74, a photo-gate 76 (charge is accumulated in 
a potential well below this photo-gate 76), and a bias 
gate 78 (which functions as a barrier gate) formed in a 20 
p-region of a substrate. 

The transistor 74 is connected at a source 80 
thereof to a signal line 222, at a drain 82 thereof to a 
power supply line 214 and at a gate 84 thereof to the 
photo-gate 76. 25 

The photo-gate 76 is further connected to a vertical 
selection line 218 through an electrostatic capacity, and 
the bias gate 78 is connected to a vertical bias line 86. 
Reading out of signal charge is performed through an 
output transistor (not shown) connected to the signal 30 
line 222. 

Three operations of accumulation, reading out and 
resetting of the pixel section 72 are controlled by driving 
the voltage of the vertical selection line 218 among 
three values. In particular, when the voltage of the verti- 35 
cal selection line 218 is Vm, charge is accumulated in 
the potential well below the photo-gate 76, and if the 
voltage is raised to Vh, then the photo-gate 76 and the 
gate 84 of the transistor 74 connected to the photo-gate 
76 enter a floating state, and the potential of the gate 84 40 
then exhibits a potential corresponding to the accumu- 
lated charge. This potential is detected through the tran- 
sistor 74. Further, if the voltage of the vertical selection 
line 218 is set to VI lower than Vm, then the potential of 
the photo-gate 76 drops and the potential well below the as 
photo-gate 76 becomes shallow until the bottom of the 
well comes to a height higher than the barrier level of 
the bias gate 78. Consequently, the charge accumu- 
lated in the potential well is all discharged to the drain 
82 of the transistor 74, whereupon the pixel section 72 so 
is reset. 

In the construction described above, the maximum 
accumulation charge amount (accordingly the overflow 
level of the pixel section 72) which can be accumulated 
in the potential well below the photo-gate 76) depends ss 
upon the applied voltage to the bias gate 78, and charge 
exceeding the maximum accumulation charge amount 
is discharged to the drain 82 of the transistor 74 through 
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the channel below the bias gate 78. 

In the method according to the third embodiment of 
the present invention, by performing bias gate voltage 
driving so that the voltage to be applied to the bias gate 
78 is varied midway in a charge accumulation period of 
the pixel section 72, the overflow level is raised from a 
low level to a high level midway in the charge accumula- 
tion period. 

More particularly, bias gate voltage driving is per- 
formed such that the voltage to be applied to the bias 
gate 78 of each pixel section 72 is changed between 
two values of a first voltage for setting the overflow level 
of the pixel section to a level lower than a level for pre- 
vention of blooming and a second voltage for setting the 
overflow level of the pixel section to the level for preven- 
tion of blooming such that, upon starting of a charge 
accumulation period of the pixel section, the first voltage 
is applied, and midway in the charge accumulation 
period, the second voltage is applied. 

Also by the present bias gate voltage driving, 
advantages similar to those of the first and second 
embodiments described above can be achieved. 

It is to be noted that, while, in the embodiments 
described above, the overflow level is controlled 
between two stages of a low level and a high level by 
driving the voltage to be applied to the reset gate, the 
transfer gate or the bias gate among three values 
(except that to the bias gate which is driven between 
two values), also another method wherein the voltage to 
be applied to those gates is driven with four or more val- 
ues (except for that to the bias gate which is driven 
among three or more values) to control the overflow 
level among three or more stages is available, and also 
a further method wherein the voltage to be applied to 
those gates is continuously varied to continuously raise 
the overflow level is available. 

Having now fully described the invention, it will be 
apparent to one of ordinary skill in the art that many 
changes and modifications can be made thereto without 
departing from the spirit and scope of the invention as 
set forth herein. 

Claims 

1. A driving method for a solid-state imaging device 
provided with a blooming prevention structure for 
causing charge generated by photoelectric conver- 
sion of each pixel section to overflow, comprising 
the single step of: 

performing reset gate voltage driving so that a 
voltage to be applied to a reset gate of the pixel 
section for controlling a resetting operation for 
discharging accumulated charge from a charge, 
accumulation portion of the pixel section is var- 
ied midway in a charge accumulation period of 
the pixel section to vary an overflow level of the 
pixel section in the charge accumulation period 
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of the pixel section to vary a dynamic range of 
the solid-state imaging device midway. 



sion of each pixel section to overflow, comprising 
the single step of: 



A driving method for a solid-state imaging device 
according to claim 1 , wherein the reset gate voltage 
driving is performed such that the voltage to be 
applied to the reset gate of the pixel section is 
driven among three values of a first voltage for 
causing the pixel section to perform a resetting 
operation, a second voltage for setting the overflow 
level of the pixel section to a level lower than a level 
for prevention of blooming and a third voltage for 
setting the overflow level of the pixel section to the 
level for prevention of blooming such that, upon 
starting of a charge accumulation period of the pixel 
section, the first voltage is applied, and immediately 
after that, the second voltage is applied, whereafter, 
midway in the charge accumulation period, the third 
voltage is applied. 

A driving method for a solid-state imaging device 
provided with a blooming prevention structure for 
causing charge generated by photoelectric conver- 
sion of each pixel section to overflow, comprising 
the single step of: 

performing transfer gate voltage driving so that 
a voltage to be applied to a transfer gate of the 
pixel section for controlling a transfer operation 
for transferring accumulated charge from a 
charge accumulation portion to a floating diffu- 
sion portion of the pixel section is varied mid- 
way in a charge accumulation period of the 
pixel section to vary an overflow level midway in 
the charge accumulation period of the pixel 
section to vary a dynamic range of the solid- 
state imaging device midway. 

A driving method for a solid-state imaging device 
according to claim 3, wherein the transfer gate volt- 
age driving is performed such that the voltage to be 
applied to the transfer gate of the pixel section is 
driven among three values of a first voltage for 
causing the pixel section to perform a transfer oper- 
ation, a second voltage for setting the overflow level 
of the pixel section to a level lower -than a level for 
prevention of blooming and a third voltage for set- 
ting the overflow level of the pixel section to the 
level for prevention of blooming such that, upon 
starting of a charge accumulation period of the pixel 
section, the first voltage is applied, and immediately 
after that, the second voltage is applied, whereafter, 
midway in the charge accumulation period, the third 
voltage is applied. 

A driving method for a solid-state imaging device 
provided with a blooming prevention structure for 
causing charge generated by photoelectric conver- 
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performing bias gate voltage driving so that a 
voltage to be applied to a bias gate of the pixel 
section is varied midway in a charge accumula- 
tion period of the pixel section to vary an over- 
flow level of the pixel section midway in the 
charge accumulation period of the pixel section 
to vary a dynamic range of the solid-state imag- 
ing device. 

A driving method for a solid-state imaging device 
according to claim 5, wherein the bias gate voltage 
driving is performed such that the voltage to be 
applied to the bias gate of the pixel section is driven 
between two values of a first voltage for setting the 
overflow level of the pixel section to a level lower 
than a level for prevention of blooming and a sec- 
ond voltage for setting the overflow level of the pixel 
section to the level for prevention of blooming such 
that, upon starting of a charge accumulation period 
of the pixel section, the first voltage is applied, and 
midway in the charge accumulation period, the sec- 
ond voltage is applied. 
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(54) Driving method for solid-state imaging device provided with blooming prevention structure 



(57) The invention provides a driving method suita- 
ble for a solid-state imaging device provided with a 
blooming prevention structure by which the dynamic 
range of the solid-state imaging device can be varied 
suitably. Each pixel section of a solid-state imaging 
device includes a reset gate for controlling a resetting 
operation for discharging accumulated charge from a 
charge accumulation portion of the pixel section. By 
performing reset gate voltage driving so that the voltage 
to be applied to the reset gate may vary midway in a 
charge accumulation period of the pixel section, the 
overflow level can be raised midway in the charge accu- 
mulation period of the pixel section to expand the 
dynamic range. Or, the voltage to be applied to a trans- 
fer gate for controlling a transferring operation of for- 
warding accumulated charge from a charge 
accumulation portion into a floating diffusion portion or 
the voltage to be applied to a bias gate for controlling 
the potential of a floating gate is varied. 
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